Abstract
Introduction
Emile Durkheim's scientific study of suicide (Durkheim, 1897) is considered the pioneering work on the epidemiological impact of religion, a topic which has become the subject of intense inquiry in the West, before, during and after the epidemiologic transition (Hummer et al., 1999; Van Poppel et al., 2002) . However, in developing countries in general and sub-Saharan Africa in particular, there is a dearth of scientific data on the matter. There is reason to assume that there are meaningful differences between these two contexts. For instance, due to the generally low levels of formal education among sub-Saha-ran African populations, the influence of religion may be greater there. The sway of religion in the region has impacted on several public health campaigns. Reluctance to vaccinate on religious grounds, for example, has been reported in northern Nigeria (Kano, Zamfara, Kuduna) where in 2003 Muslim leaders called on parents to refuse to vaccinate their children against polio, claiming that the vaccine could contain carcinogens, HIV or cause infertility (Jegede, 2007) .
Ideological barriers often stand in the way of the Expanded Programme on Immunization (EPI) goal to vaccinate all children, and, consequently, of achieving the fourth Millennium Development Goal to reduce the mortality rate among the under-fives by two thirds between 1990 and 2015. Thanks to targeted vaccination of child populations, infant and child mortality rates due to many infectious diseases have declined in recent years (Fourn et al., 2009) . In order to improve the effectiveness of immunization programs, it is important to measure disparities in childhood immunization rates and understand the causes of these disparities, including those related to religion. In the case of Burkina Faso, a promising attempt of this type of analysis was conducted by the World Bank in 2003, using Demographic and Health Survey data. This work has identified religious differences in child vaccination rates at the national level, particularly with regard to BCG and DPT vaccines. Vaccination rates were higher among children of Christian and Muslim mothers than for those whose mothers belonged to a traditional religion (adjusted relationships). The same religious differences were also observed in antenatal care and place of delivery (Banque Mondiale, 2003) . They are likely to be the root causes of religious differences in infant and child mortality rates as observed by Becher et al. (2004) in rural Burkina Faso.
Yet little is known about the influence of religion on children's health in Burkina Faso's urban areas, even if perceptions and prevention of disease have a religious dimension among Burkinabe city dwellers (Ouedraogo, 1994; Gemignani and Wodon, 2012) . In fact, very few studies have explored religious health inequalities in African urban areas. This may be because researchers assume that religious differences in health begin to blur and weaken among city dwellers, given their higher educational levels and greater exposure to the West. Using data collected in Ouagadougou, the capital of Burkina Faso, our objective is to examine the religious differences in child vaccination rates in an African urban context. Burkina Faso has long been active in the EPI (in place in the country since 1980) as well as other international initiatives to increase child immunization rates. In 1997, the country joined with its Sahelian neighbors to create the Initiative for Vaccine Independence, aimed at a long-term shift toward regional and country ownership of the EPI and working for the purchase of vaccines and supplies necessary for routine immunization (Ministère de la santé, 2003) . Despite these efforts, religion may still affect access to vaccination among children, even in Burkina Faso's large cities.
Theoretical consideration
Four plausible hypotheses are proposed to explain the influence of religion on health: the selectivity hypothesis (also known as the characteristics hypothesis), the particularized theology hypothesis (otherwise known as the theological doctrine hypothesis), the interaction hypothesis and the minority group status hypothesis. The selectivity hypothesis postulates that religious differences in mortality and health are tied to differences in access to social and human capital (van Poppel el al., 2002) . Thus, observed inequalities between religious groups result from underlying socio-economic and demographic differences and not from the religion per se. The Ghanaian sociologist Stephen Gyimah suggests an important distinction between confounding and mediating factors (Gyimah et al., 2006) . In Ghana, for example, Christians tend to have higher levels of formal education than Muslims or Animists (Takyi and Addai, 2002) . This level of education and its influence on Christian mothers' health care decision making may be considered a mediating factor (Caldwell, 1979; Mosley and Chen, 1984) . Variables like the sex of the child, the mother's age and her duration of residence in the city, in contrast, may be considered confounding factors, without obvious links to religion.
The particularized theology hypothesis stems from the work of Durkheim (1897) and considers religion an institution of social control.
This hypothesis argues that, as a set of values and norms that govern beliefs and behavior, religion has an independent effect on attitudes and behavior. This affects the way people conceptualize and access medical care (Hummer et al., 1999) . Studies from Ghana show evidence supporting this idea. Gyimah has indeed discussed how the dominant Christian groups in Ghana (Catholics and mainstream Protestants) promote care-seeking among adherents, while Pentecostal Churches place an emphasis on divine healing (through prayer and fasting) and portray care-seeking in clinics and hospitals as a lack of faith (Gyimah, 2007) . Fourn et al. corroborated these findings with a qualitative study in Benin among some leaders and adherents of Protestant sects, who expressed the belief that God gives life and thus the only protection necessary against disease is divine protection (Fourn et al., 2009) .
The interaction hypothesis considers religious groups as social institutions through which people learn religious doctrines and are influenced by other members' health behaviour (Zhang, 2008; Yeatman and Trinitapoli, 2008) . It may even happen that some members adopt the predominant group behavior without understanding the real reasons, in order to maintain a good relationship with the group. The principle of solidarity within the religious group is emphasized, with members sharing advice, psychological and material support. However, the influence of the group on an individual is strongly dependent on the latter's socio-economic characteristics (Chamie, 1981 , cited by Tfaily et al., 2009 .
The minority group status hypothesis has been mainly discussed for reproductive behaviors (spacing and limiting births), postulating that minority religious groups adjust their health behaviors to maximize their security and/or social mobility (McQuillan, 2004; Johnson, 1993) . This adjustment depends on the social, political and economic context (Tfaily et al., 2009; Morgan et al., 2002) . This hypothesis has been already used to explain the reproductive behavior of religious minority groups in Asia (Johnson, 1993; Knodel et al., 1999; Morgan et al., 2002) and in Northern Ireland (Kennedy, 1973) . Since it is not clear in what way belonging to a religious minority group could impact vaccination behaviors, this hypothesis does not fit well in our case.
Our objective is to test the selectivity hypothesis (possible with our data) and explore whether, after accounting for the effects expected by this hypothesis, there is a residual effect of religion on child vaccination rates, attributable to other causes (especially those posited by the particularized theology and interaction hypotheses) without being able to separate their respective effects. We believe that the selectivity hypothesis alone cannot explain the differences in child vaccination rates, given the extent to which religious beliefs shape individuals' perceptions of disease and health behaviors in Burkina Faso (Ouedraogo, 1994; Banque Mondiale, 2003; Gemignani and Wodon , 2012) , and given that religious groups are important vehicles of social organization in this country.
Data and methods

Study site and sample
This study was conducted in Ouagadougou, the capital city of Burkina Faso, one of the poorest countries in the world (UNDP, 2013), located in the Sahel region of West Africa. Ouagadougou's population was estimated at 1,475,839 inhabitants in a 2006 census (Bayala-Ariste, 2009 ). This represents 10.5% of the total population of the country and 46.4% of the country's urban population (Bayala-Ariste, 2009). The main economic sectors in the city are the service sector, trade and crafts. According to the 2006 census data, 57.4% of Ouagadougou dwellers were Muslims, 34.9% Catholics, 6.2% Protestants and less than 1% were Animists (Bayala-Ariste, 2009). The city is dominated by the Mossi ethnic group, but about sixty small ethnic groups also coexist. Ouagadougou experiences one of the highest child mortality rates among all African capitals, with the under-five mortality estimated at 95 deaths per 1,000 births in 2010 (INSD and ICF international, 2012) .
This analysis uses data collected in the Ouagadougou Health and Demographic Surveillance System (Ouaga HDSS), a research platform for studies and health interventions set up by the Institut Supérieur des Sciences de la Population, University of Ouagadougou in five Ouagadougou neighborhoods (Rossier et al., 2012) . Two of these neighborhoods (Kilwin and Tanghin) are official districts, with full access to municipal services. The remaining three neighborhoods (Nonghin, Polesgo and Nioko 2) are unplanned, unofficial peri-urban settlements that lack public services such as electricity and running water. After an initial survey conducted between October 2008 and March 2009, the population of the Ouaga HDSS has been regularly interviewed to register vital events (births, deaths, marriages and migration). As of May 2012, the population tracked by the Ouaga HDSS totaled approximately 83,000 individuals. Over the course of the fourth round of interviews, between July 2011 and May 2012, fieldworkers recorded information on vaccines received by all children less than 5 years of age, allowing for evaluation of EPI coverage in the HDSS areas. Ethical approval was granted by the Comité d'Ethique pour la Recherche en Santé, Ministry of Health, Burkina Faso (approval number 2010-10, Ethical review board for health research in Burkina Faso).
The dependent variables in this paper (as explained below) require us to limit our analysis to children between 12 and 59 months of age. Two sources were used to obtain this data for 4,985 young children eligible for inclusion. Fieldworkers asked to see children's vaccination booklets, which were produced in 74% of cases. For the 26% of cases in which there was no vaccination booklet, fieldworkers relied on mothers' oral reports. Dates of vaccination were copied from the vaccination booklets. If dates of vaccination were not known, the child was not included in the analysis of vaccination by timeframe (explained later), leaving a final sample size of 3,585 children for that analysis.
Variables
This study examines three dependent variables: 1) incomplete vaccination; 2) incomplete vaccination by the WHO's timeframe; and 3) incomplete vaccination by the Burkinabe government's timeframe. According to WHO guidelines, a child is completely vaccinated when s/he has received the BCG vaccine, the measles vaccine, three doses of the polio vaccine and three doses of the DPT vaccine (against diphtheria, pertussis and tetanus). The WHO's timeframe calls for these vaccinations to be complete by the age of 12 months, while the Burkinabe government's own calendar calls for these vaccines to be complete by the age of 10 months.
The primary independent variable is the religion of the child's parents. Ideally, we would have taken mother's and father's religion into account in the same model. However, we evaluated multicollinearity among all the independent variables by the variance inflation factor and we decided not to include mother's and father's religion in the same model 2 . Their effects have thus been tested separately. We have coded religion into three main categories according to the main religious groups in Ouagadougou: Islam, Catholicism and Protestantism. 14 children have parents professing either a traditional religion or no religion, and because this constitutes such a small proportion of our sample, these children were not included in the analysis.
Based on experiences recorded in other Sahelian settings, we expect to find lower vaccination rates among Muslim families than among Catholic or Protestant families (Jegede, 2007; UNICEF, 2004) . In general, Christian families in sub-Saharan Africa tend to be more open to allopathic medicine than their Muslim counterparts. Christianity and allopathic medicine, both propagated in the region by Westerners, share cultural and historical ties that link them together (Akoto, 1990) .
A notable difference between Catholics and Protestants is not expected. In each of these groups, there are some scattered churches that promote faith-healing (e.g. Charismatic for Catholics and Pentecostal Churches for Protestants), but their numbers and influence are relatively low in Ouagadougou. In addition, we do not have a variable that allows us to distinguish them from other churches.
Independent variables also include the sex 2. When considering incomplete vaccination as dependent variable, the variance inflation factor (VIF) was estimated at about 4.9 for father's and mother's religions while it was around 1 for other independent variables. When considering incomplete vaccination before 10 months or 12 months of age as dependent variable, the VIF was estimated at about 5.2 for father's and mother's religions while it was around 1 for other independent variables. According to Craney and Surles (2002) , there is no formal criteria for deciding when the VIF is too large but a value around 5 is generally considered strong enough to introduce biases in the models. By choosing to put separately father's and mother's religions in the models, their variance inflation factors fall to about 1. and age of the child, the age of the parents at the child's birth, their duration of residence in the city, their educational level, their standard of living, and their ethnic group. Among the control variables, we distinguish between official and unofficial neighborhoods of residence, as well as the presence of a health center in the neighborhood. The impact of these factors on children's health is the subject of a wide body of literature (Baya, 1998; Soura, 2009) . It would perhaps have been interesting to take into account the experience of each woman in terms of utilization of maternal and child health services by creating an indicator based on the use of prenatal care and place of delivery. But since the sample is not composed solely of children born within the study zone, we do not have complete information on prenatal and birth conditions for each child. Furthermore, the large majority (94%) of women in our population seek prenatal care and give birth in health centers; so these independent variables would offer little variability. A lack of data on direct income led us to create a proxy variable for standard of living that takes into account both the presence of a refrigerator and a television in the household, as well as the most expensive mode of transport available in that household (a household with both a motor scooter and a car, for example, is classified as a car-owning household). The coefficient attached to each good is derived from a Principal Components Analysis (PCA). Based on the scores of the first factor of the PCA (which accounts for 50.4% of the variance), three categories of household were delineated: the poorest, the middle and the wealthiest (Table 1) .
Statistical methods
Since the dependent variables are all binary, a logistic regression is used to test the relationships 3 . This regression consists of modeling the logarithm of the odds ratio as a linear function of explanatory variables. The exponential of each coefficient indicates the odds ratio between the category and the corresponding reference category for each categorical variable, when all else is equal.
In our multivariate analysis, the effects of the child's mother's and father's religion are tested separately, and three separate models are built for each dependent variable. The first model tests the gross effect of religion. The second tests the mediating effect of education. The third model tests the effect of religion independently of all the control variables. In the first model, the age of the child is controlled when analyzing full vaccination regardless of age limit. Table 2 shows the distribution of the sample by independent variables. Most parents fall into the intermediary age group (20-34 years old), have no formal education, and have lived in Ouagadougou for more than 5 years. Most parents are also from the Mossi ethnic group and are Muslim. The distribution of standards of living shows that most people fall into our definition of mid- (Table 2) . Figure 1 shows that the vaccination coverage rate varies by religion. Children of Muslim parents are less likely to be fully vaccinated. For example, among children in Muslim families, 34% were not fully vaccinated by the age of 10 months, compared to 25% among Catholics and Protestants. Between the two Christian denominations, the differences are small, as expected.
Results
Sample description
Descriptive analysis
The unadjusted odds ratios (Table 3) show that children of a Catholic mother or father have a lower risk of not receiving all of the routine vaccinations than children of Muslim parents (odds ratio=0.72 for children of Catholic mothers).
When it comes to incomplete vaccination by 12 months or 10 months of age, the odds ratio is 0.66. Children with Protestant parents also have a lower risk of being incompletely vaccinated than those with Muslim parents. The odds ratio for not being fully vaccinated before 12 months in this group is not statistically significant when considering the mother's religion, but it nevertheless skews in the expected direction. Among the control variables, educational level and standard of living have the strongest relationships with care-seeking behavior (Table 3) , each showing a positive relationship with vaccination rates. The proportion of children who are not fully vaccinated by the age of 10 months, which is 37% when the child's mother has no education, falls to 19% when she has a secondary education or higher. This proportion also falls from 21% to 11% within the 12 month WHO timeframe, numbers that remain relatively stable if the father's level of education is taken into account. Similarly, standard of living is also significantly related to all three measures of child vaccination. Unsurprisingly, children from poor families are disadvantaged compared to children from wealthier families. For example, 36% among poor children have not received all the routine vaccinations by 10 months, compared to 17% among wealthier families. The child's sex, the mother's age and the parents' ethnicity are all factors that seem to have no important relationship with child vaccination. Other factors (type of neighborhood, presence of a health center in the neighborhood) may have some relationship with child vaccination rates, but these relationships are tenuous. Tables 4 and 5 show the results of the multivariate analysis. They show a significant relationship between child vaccination rates and parents' religious affiliation (be it the mother's or the father's), for all three measures of child vaccination. When compared to children in Muslim families, those in Catholic families have less risk of being incompletely vaccinated when all else is equal (odds ratio ~ 0.71, model M1.3, Tables 4 & 5). When we look at mothers' religion only, the odds of a Catholic mother not vaccinating her child before 12 months or 10 months of age is almost 30% lower than those of a Muslim mother (Models M2.3 & M3.3, Table 4 ). Looking at the fathers' religion, these ratios are estimated at 0.73 and 0.75 respectively (Models M2.3 & M3.3, Table 5 ). Our results also show that the differences in vaccination rates are stark between children of Protestant and Muslim fathers, especially when looking at full vaccination overall or full vaccination by the age of 10 months (M1.3 & M3.3, Table 5 ). Protestant fathers are more likely to Table 5 ). It does not show a significant difference either when the comparison is made with the religion of the mother (M2.3, Table 4 ). This remains the case when children are compared in terms of full vaccination without a timeframe (M1.3, Table 4 ). Overall, religious differences in child vaccination rates persist, even after taking into account parents' level of education. These differences sometimes weaken or disappear when comparing Protestants and Muslims (M.1.1 & M1.2, Table 4 ; M2.1 & M2.2, Table 5 ).
Multivariate analysis
Among the control variables, parents' educational level and standard of living are the most strongly related to child vaccination, a phenomenon that is observed in many studies on child health in Africa. When all else is equal, the higher the mother's educational level, the lower the likelihood that her child will be incompletely vaccinated, whether by 12 months or 10 months (Table 4) . This relationship, however, is not apparent among uneducated mothers and mothers with only a primary education when it comes to incomplete vaccination without a timeframe (Table 4, M1.3) . Also, children with fathers who have a primary education have the same chance of being vaccinated by 12 months as do those whose fathers have no formal education (Table 5 , Model M2.3). With standard of living, it appears that the odds ratio of incomplete vaccination varies between 0.44 and 0.55 when the wealthiest families are compared to the poorest (Tables 4 & 5) .
At the 10% error threshold, two other variables are significant: father's age and his ethnic group (Table 5) . Older fathers (those older than 35) tend to vaccinate their children less than other age groups do, when all else is equal. The effect of ethnic group is apparent only on vaccination by 12 months, for which the children of Mossi fathers seem to be at an advantage. The apparent effects of other variables (duration in Ouagadougou, presence of a health center nearby, type of neighborhood) disappear once socio-economic differences are taken into account.
Discussion
Though the reluctance of some religious groups to vaccinate their children in sub-Saharan Africa has been the issue of much discussion (Jegede, 2007; Fourn et al., 2009; UNICEF, 2004) , there has been very little objective scientific measurement of the religious differences in child vaccination rates. Our bivariate analysis showed differences in child vaccination rates based on parents' religion in the Ouagadougou Health and Demographic Surveillance area. Compared to the children of Muslims (Muslim mother or father), children of Catholics are more likely to receive all of their routine vaccines, be it by the WHO's 12 month timeframe or the Burkinabe government's 10 month timeframe. There are no significant differences between Protestants and Catholics, results which are consistent with our expectations. This religious disparity in vaccination rates might be attributable to the particular socio-economic and demographic makeup of the different religions. For instance, we have seen that a majority of Muslim parents have no education, lending credence to the idea that education among Muslims is generally lower than among Christians, in this setting and others (Takyi and Addai, 2002) .
However, the control variables could not account for the effect of religion. The vaccination advantage of the children of Catholic parents persists across all models, though it weakens slightly when the level of parents' education is taken into account. The importance of education as a mediating factor is more apparent when Protestant mothers are compared to Muslim mothers, especially in terms of complete immunization, regardless of age and before the 12 months of age. For both dependent variables, the gap between Muslim and Protestant families loses significance when the mother's level of education is taken into account, signifying that this difference represents a composition effect. When the criteria for full vaccination become stricter (by 10 months), differences in child vaccination rates between Protestant and Muslim mothers become more apparent. The father's religion appears to have a more consistent relationship with child vaccination, with the children of Protestant fathers more likely to be vaccinated than those of Muslim fathers.
The vaccination disadvantage that the children of Muslim parents have may be related to false ideas about the dangers of vaccines, which are more widely circulated in Muslim communities (UNICEF, 2004) . Informal interviews conducted in our study area with one religious leader and three women for every religious affiliation (Muslim, Catholic, Protestant) show support for this idea. Fears of infertility due to vaccination were raised by some Muslim informants, but not by Catholic or Protestant informants.
These religious differences suggest that a greater emphasis should be put on communitybased approaches to reducing health disparities in Burkina Faso. For the particular case of child vaccination, religious communities and informal prayer groups could be used to help educate their members about the importance of vaccination. The social influence that religious groups exert is undeniable, and harnessing their power can help counteract the rumors and help support adherents' decisions to vaccinate their children. This could lead to a greater coverage of vaccination, a result already demonstrated by UNICEF (2004) in several developing countries. In Sierra Leone, for example, a country that's 60% Muslim, facing poor vaccination coverage in the mid-1980s, UNICEF worked to create an Islamic Action Group that was instrumental in subsequent community mobilization efforts (UNICEF, 2004) . Religious leaders spoke highly of vaccination in mosques and a federation of 96 Muslim women's groups helped prepare mass vaccination campaigns in collaboration with health workers. The result of these efforts was impressive, with the vaccination rate for children under 1 year of age skyrocketing from 6% in 1986 to 75% in 1990 (UNICEF, 2004) . Another prime example of the power of religious communities to promote healthy behaviors comes from the Indian state of Bihar, where Imams were recruited to help promote the polio vaccine (UNICEF, 2004) . They included the benefits of the vaccine in their sermons and informal discussions with their faithful, and endorsing a brochure written in the local languages (Hindu and Urdu) that called on Muslims to vaccinate their children. This strategy massively increased the participation of Muslim families in polio vaccination campaigns.
The observed inequalities based on certain control variables (parents' educational level and standard of living) reinforce the need for multidimensional efforts to improve community health. Health disparities have multiple causes, and their alleviation cannot come from the health sector alone (Turrell, 2002) . Rather multisectoral efforts must be undertaken to address their social and economic root causes. Health workers and researchers must become advocates to inform decision makers about the realities on the ground, and the impact of policy decisions on marginalized groups (Turrell, 2002) . This study has some limitations. Due to the cross-sectional nature of the data used, causal inference from the observed relations must be careful and judicious. Another limitation is the possible sample selection due to the fact that only data on surviving children were collected. Children who died were probably those who were not immunized. A lack of information on religious beliefs and participation in religious activities requires us to limit our measures to religious affiliation as the proxy for religion in this study. A measure of religiosity would probably better capture the impact of religion on health behavior. Moreover, given the nature of the data used, the study could not test all the theoretical hypotheses that explain the relationship between religion and health. Only the selectivity hypothesis was tested and the results showed that it cannot alone explain the religious differences in children's vaccination rates in Ouagadougou. Finally, birth order was not included in this analysis due to a lack of data on the subject. Care given by parents to a child can often depend on birth order; the lack of inclusion of this information presents a limitation.
Conclusion
Like other countries that have adopted the EPI, Burkina Faso has been working to achieve universal child vaccination (Ministère de la santé, 2003) . Mass vaccination campaigns have complemented the routine immunizations provided in clinics and health centers. Vaccines, like the oral polio vaccine, have been the subject of intense door-to-door outreach campaigns, organized as part of the Global Polio Eradication Initiative. Vaccines that require a needle for administration have also been the subject of large-scale campaigns, both clinic-based and with mobile outreach teams going into neighborhoods. All of these strategies have successfully mobilized the media and community workers to inform families about the importance of vaccination.
But unfortunately these efforts have not been uniformly successful. Children of poor and uneducated parents remain at a disadvantage, as do children of Muslim parents, who remain underrepresented in child vaccination efforts compared to the children of Christian parents. The multivariate analysis presented here demonstrates that these religious disparities cannot be fully explained by a composition effect (based on the disparate socio-economic and demographic makeup of these two religious communities). Rather, these important differences are also due to ideological differences and/or diffusion effects arising from interactions within religious groups, even if the study was not able to separate these respective effects. In order to reduce these disparities in the future, it will be essential to work with religious groups and leaders to ensure that all children, regardless of religious background, are able to benefit from lifesaving public health measures.
